INTRODUCTION
Carcasses of turkeys raised in Canada are graded for quality characteristics. Lower grades have reduced value to compensate for additional costs of processing and decreased product value. Carcass scratching is an important reason for downgrading, with scratches as short as 1.2 cm in length resulting in a reduced carcass grade (CFIA, 2012) . To prevent excessive downgrades from scratching, the turkey industry has employed the practice of toe trimming, in which the claws on the 3 anterior-facing digits on both feet are removed. This is generally done at the hatchery, historically using surgical shears or a hot-blade cauterizing technique, but more recently using a microwave claw processor (MCP; NovaTech Engineering Inc., Willmar, MN). The latter process was introduced to the turkey industry in 1993 (Gorans, 1993) and has become the predominant technique since its introduction.
Past research on the effect of toe trimming has been inconsistent, and some reports have suggested negative production effects. Although some research, primarily using hot-blade removal or surgical scissors, found that toe trimming prevented carcass scratching (Owings et al., 1972; Greene and Eldridge, 1975; Moran, 1979) , other research did not (Owings et al., 1972; Proudfoot et al., 1979) . Toe trimming also did not affect the incidence of breast blisters, a carcass quality parameter that could be affected if toe trimmed birds are less mobile (Newberry, 1992) . With the exception of a controlled experiment by Owings et al. (1972) , which studied toms to 24 wk, the above mentioned studies used both toms and hens raised to either 14 or 17 wk. Reduced BW and feed consumption as a result of toe trimming was a common finding, but feed efficiency was unaffected by treatment (Proudfoot et al., 1979; Frank et al., 1990; Newberry, 1992) . Whereas overall mortality did not differ based on toe treatment, a higher mortality level was found for trimmed poults during the early brooding period than their untrimmed counterparts (Owings et al., 1972; Newberry, 1992) . In a recent study, MCP toe treatment of turkey hens did not affect mortality, BW, feed consumption, or feed efficiency, but did reduce car-ABSTRACT Trimming the 3 anterior toes on both feet at day of hatch to remove the claws, reduce bird scratching, and improve carcass grades is a common practice in the turkey industry. Changes in the method of trimming and the growth potential of turkeys since the majority of research on this topic was completed motivated this study with the objective of establishing the effects of microwave toe treatment on production characteristics of tom turkeys. Turkey toms (306 in total) were either toe trimmed at the hatchery using a microwave claw processor (T) or were sham treated only (NT). Poults were randomly assigned to 1 of 9 replicate pens for each treatment. Average BW, feed consumption, and feed efficiency were determined from BW and feed intake measured by pen on d 0, 7, 21, 42, 56, 70, 91, 126, and 140 . On d 140, toms were sent to a commercial processing facility where 5 carcasses from each pen were examined for scratching and other externally visible damage. Average BW was higher for NT toms on d 91, 126, and 140, with final weights of 21.70 and 21.15 kg for NT and T birds, respectively. The T birds had lower feed consumption than their NT counterparts during the first and last week of production, but feed efficiency was unaffected. Carcass scratching (T, 13.33% of carcasses scratched vs. NT, 15.56%) and other carcass damages were not affected by treatment. Although overall mortality was not affected by treatment, the incidence of mortality due to skeletal causes, especially rotated tibia, was increased in T toms. Negative effects on performance and no effect on carcass quality suggest that toe trimming may not be required or recommended for heavy tom turkeys. cass scratching, leading to a favorable recommendation for the procedure (Fournier et al., 2012) .
The relevance of older toe trimming research may be questioned, particularly because of the change in trimming technique and the increased growth and meat yield of modern turkeys. The MCP technique treats the toe's claw and results in its loss 1 to 3 wk posttreatment, in comparison with the hot-blade technique, which removes the tissue immediately. It is possible that the changes in technique could change pain associated with the treatment, as well as the healing process and the amount of toe removed. The fact that turkeys grow more rapidly with larger weights and higher breast meat yield is readily seen and has been documented (Havenstein et al., 2007) . These changes may alter bird mobility, thereby limiting the occurrence of scratching, even if the claws are left intact. It could also be argued that larger birds with increased breast muscling may have reduced balance, a factor made worse by the shorter toes associated with toe trimming. Whereas MCP treatment of hens has been studied (Fournier et al., 2012) , examining the procedure using heavy toms, which are marketed at older ages and are larger, will aid in the understanding of the procedure in birds different in sex as well as age and size at marketing.
Concern for animal welfare has also increased since the majority of toe trimming research was completed. Procedures perceived to be painful are being examined to determine if they are necessary, and if they are appropriate from a welfare perspective. Earlier studies on toe trimming failed to examine the effect of toe trimming in regard to welfare criteria. Because of the changes in method, turkey phenotype, and animal welfare emphasis, the current study was completed to examine the effect of toe trimming on production characteristics and well-being of tom turkeys reared to 20 wk of age.
MATERIALS AND METHODS
All birds were raised according to the recommendations of the Canadian Council on Animal Care (1993) and experimental procedures approved by the University of Saskatchewan's Animal Care Committee.
Birds, Housing, and Care
The study used 306 Hybrid Converter turkey toms acquired from a commercial hatchery. One-half of the poults (153) had the 3 anterior toes on both feet treated at the hatchery using the MCP set at 1.26 s of exposure and length of the toes trimmed set at 59% trim (59% of the guide light still exposed past the end of the toes; T). The remaining birds were sham treated on the MCP machine (NT). At the research facility, poults were randomly housed in one of eighteen 3 × 3 m pens. Seventeen poults were assigned per pen with an anticipated final stocking density of 34 kg/m 2 based on an expected weight of 19.9 kg (Hybrid Turkeys, 2011a) and a 10% mortality rate. This stocking density was chosen to approximate the Canadian recommendation of 35.8 kg/m 2 (CARC, 2003) . On d 1, poults appearing unhealthy from the pens of both treatments were replaced with healthy poults to improve uniformity and livability (n: NT = 8, T = 4).
Room temperature was maintained at 30°C with supplemental heat provided by one 175-W heat lamp in each pen. Starting on d 13, the temperature was gradually decreased by approximately 0.4°C/d to 22°C on d 35, down to 21°C by d 42, 19°C by d 49, and subsequently to 17°C by d 91. Cardboard brooder rings were used for the first 9 d, and wood shavings were spread on top of the straw litter within the cardboard ring to reduce leg stress. Light, from incandescent bulbs, was provided for 23 h/d for the first 9 d at 22 lx. At d 10, the toms were switched to 18 h of light per d at 10 lx. Intensity was further reduced several times during the trial due to aggression, reaching its lowest level (0.7 lx) on d 98.
The toms were fed ad libitum, using feed (6-step program) purchased from a commercial feed mill. The nutritional specifications for the 6 diets matched or exceeded those specified for Hybrid Converter Tom turkeys (Hybrid Turkeys, 2011b). Two aluminum tube feeders were used in each pen. From 0 to 89 d, the diameter of each feeder was 38.1 cm, whereas from 89 d to market the diameter of each feeder was 40.6 cm. Water was also provided ad libitum and was supplied using bell drinkers (45.7 cm in diameter), one per pen, although an additional water source was supplied for the first 11 d. The toms were kept to 140 d of age.
Data Collection
Body weight and feed intake were measured on a pen basis on d 0, 7, 21, 42, 56, 70, 91, 126, and 140. From these values, growth rate, feed consumption, and feed efficiency were determined. Dead birds and culls were weighed and recorded daily, after which they were necropsied at an independent diagnostic clinic (Prairie Diagnostic Services, Saskatoon, SK, Canada) to determine cause of death. On d 140, the toms were shipped to a commercial processing plant. Prior to shipping, 5 randomly selected toms per pen were wingbanded for identification. Immediately after evisceration, the 90 wingbanded carcasses were weighed and damage to the carcass was measured and recorded. Damages recorded included scratching, breast blisters, bruising, broken bones, and any other marks observed, although any damage obviously sustained by equipment at the plant was disregarded.
Statistical Analysis
The experiment was a completely randomized design, with 2 treatments, analyzed as a 1-way ANOVA. Each treatment was replicated 9 times. The data were analyzed using the Mixed Model of Statistical Analysis System 9.2 (SAS Institute Inc., 2002). Data were test-ed for normal distribution using Proc Univariate, and (log+1) transformed when necessary. Treatment comparisons were considered significantly different when P ≤ 0.05.
RESULTS AND DISCUSSION

BW, Feed Consumption, and Feed Efficiency
Toms not trimmed at the hatchery (NT) were heavier than T birds from d 91 onward (Table 1) . Weight gains were higher for NT toms from d 70 to 126, resulting in increased overall gains for the 20-wk period ( Table 2) . Trimmed birds consumed less feed than the NT birds from 0 to 7 and 127 to 140 d of age (Table 3 ). The change in feed intake corresponded to BW differences and likely caused the reduction in BW in T birds. Feed efficiency, analyzed both with and without mortality correction, was not affected by toe treatment (Table 4 , correction for mortality not shown).
These results are in general agreement with the scientific literature despite the use of alternate toe trimming techniques in the previous work. Newberry (1992) , using the hot-blade technique, raised toms to 17 wk and found NT birds were heavier at 4, 12, and 17 wk of age and consumed more feed during those same periods. Owings et al. (1972) , using surgical scissors to remove the toes, completed a controlled experiment as well as a corresponding survey of commercial processing plants. They found feed efficiency was unaffected and BW was equal or improved in NT birds in the survey, but no difference in BW was seen in the experiment. Proudfoot et al. (1979, using surgical scissors) used both sexes and found that trimming did not affect efficiency, but reduced BW when marketed at 98 d. Frank et al. (1990) did not measure feed consumption, but found lower BW in T toms at 133 d of age. Greene and Eldridge (1975) (using a hot blade) did not find any effect of toe trimming on the BW of heavy hens. The only study examining the effects of the microwave toe treatment did not find any difference in BW, feed consumption, or feed efficiency in hens raised to 15 wk of age (Fournier et al., 2012) . The research suggests that regardless of technique, feed consumption, and therefore BW, can be negatively affected by trimming. There also appears to be an effect due to sex, as studies using hens did not show this effect (Greene and Eldridge, 1975; Fournier et al., 2012) . This may be due to differences in size and age at marketing, although behavioral differences between toms and hens cannot be ruled out.
The reduced growth later in this study may reflect a reduced ability or motivation of the T toms to walk to feeders and drinkers. Growth rate is reduced at 70 d, after equal growth during earlier parts of the experiment, suggesting that this change is not associated with pain. It is noteworthy that concurrently collected data found toe trimming treatment did not affect bird gait or stance (Schwean-Lardner et al., 2013). Behavior analysis at 133 d of age in the study, however, demonstrated T toms walked less and stood more than the NT treatment (Schwean-Lardner et al., 2013) , indicating a reluctance to move about. The differences in feed consumption during the first week were likely the result of the pain, stress, or both caused by the procedure.
Other studies have found that MCP-trimmed poults rested more, and ate, stood, walked, and ran less during the first 5 d posttreatment, which is in agreement with this logic (Schwean-Lardner et al., 2013) .
Mortality
Higher than expected mortality occurred in the study, but toe trimming treatment did not affect overall death and culling loss. Total mortality was 17.0% for the T treatment and 13.1% for the NT. However, the mortality in the first week of production showed a trend (P = 0.10) toward increased T poult mortality, with 3.92 and 0.65% mortality for T and NT poults, respectively (Table 5 ). Early poult mortality was of particular interest because several other studies, using hot-blade trimming, found toe trimming increased death loss (Owings et al., 1972; Newberry, 1992) . Newberry (1992) found that starvation in the first 4 wk was higher in toe-trimmed poults. Fournier et al. (2012) found no difference in poult mortality when birds were trimmed using the MCP. In the current research, yolk sac infection mortality in the first week was primarily responsible for the difference in treatment means. Although starve-outs or dehydration would logically be the most affected by toe trimming, yolk sac infection could be an indication of bacteria entry through open wounds in the toes. One of the suggested attributes of the MCP is the absence of an open wound, therefore discouraging bacterial infection. Bacterial colonies, however, were found in tissue samples of the toes taken on day of trimming (Schwean-Lardner et al., 2013) , and blood was seen on the shavings at placement, indicating bacterial entry is possible. Two case studies have noted bacterial infection in young poults, where MCP treatment was thought to be the entry portal, indicating inappropriate MCP settings and protocol as probable causes (Hollifield et al., 2000; Alfonso and Barnes, 2006) . Based on the timing of the peak in yolk sac infection mortality (d 3), it is more probable that the infection would have started before the trimming occurred. However, the stress of the trimming procedure may have caused the T poults to be more susceptible to infection.
Causes of death were summarized into 1 of 4 categories (skeletal, metabolic, infectious, other) for statistical analysis, as well as being analyzed individually. Table 6 defines the causes of death included in each of the categories. There were increased culls due to skeletal issues in the T toms compared with the NT birds (Table 6) , primarily due to an increase in cases of rotated tibia (3.27 vs. 0.65%). It is possible the lack of toenails reduced the traction of T birds causing slip-page, which may have damaged the joints of the leg. In contrast, Newberry (1992) found that toe trimming had no effect on twisted legs; however, the toms had only digits II and III trimmed, leaving the outer digit intact and possibly providing traction that prevented rotation of the lower leg. Another explanation could be that tendon damage occurred during placement on the MCP equipment, however, this potential mechanism does not seem plausible because the NT poults were sham treated and experienced the same procedure except for the microwave exposure. Fournier et al. (2012) used MCP to trim turkey hens and found no effect of trimming on rotated tibiae.
Carcass Damage
A summary of carcass damage assessed at processing is shown in Table 7 . Toe trimming did not affect carcass scratching, with 13.3 and 15.6% of carcasses scratched for the T and NT birds, respectively. Similarly, no differences were found between treatments for other carcass damage categories. This finding is contrary to previous research where toe trimming decreased carcass scratching (Owings et al., 1972; Greene and Eldridge, 1975; Fournier et al., 2012) . Although it is not possible to determine the reasons for the difference in results because many factors may be influencing carcass scratching, the low incidence of scratching in the present study for both T and NT birds suggests that there was a reduced predisposition to scratching in heavy tom turkeys. This reduction could relate to sex differences in behavior or differences in BW. The current research used heavy toms raised to an older age, whereas most previous studies used lighter birds or hens that may have been more mobile and capable of scratching pen mates.
In the report by Owings et al. (1972) , toe trimming improved carcass grades in the commercial plant survey, but did not affect scratching in the experimental component of the research. The difference in results between the research experiment and the commercial survey indicate that the differences in housing and care between a research and commercial barn may have an effect. For this reason, studying the procedure at the commercial level will be important for future work.
It was hypothesized that toe trimming would reduce bird mobility, resulting in greater litter contact and a higher incidence of breast blisters. Newberry (1992) looked for differences in the incidence of breast blisters and, like the current study, found no difference between T and NT treatments. This suggests that trimming does not increase the risk of blisters; however, results may be affected by severity of trimming or litter quality.
Conclusions
Toe trimming demonstrated no positive effect on carcass quality and had negative effects on BW, feed consumption, and the incidence of rotated tibiae. No other effects of trimming on tom turkey production were noted. Because the sole purpose of the procedure is to reduce carcass scratching and it was unsuccessful in doing so, the additional costs of labor and machine use due to trimming would not be compensated for. In addition, the reduction seen in final BW with toe trimming is likely to be an economic loss for the producer.
The hypothesis of reduced scratching and maintained productivity with toe trimming was rejected, likely due to differences in the size of the turkeys compared with those previously studied. It should be emphasized, however, that these results apply solely to the heavy tom market, as previous studies have indicated benefits with trimming in other turkey market categories. There is a need for further research in industry to confirm the effects on toe trimming at a commercial level and to determine the market categories where toe trimming is a useful tool. Because of the economic loss in terms of kilograms of poultry produced, as well as the cost of the procedure, based on the results of the current study, toe trimming is not recommended for use on heavy toms. 
